Carotenoids belong to a large group of secondary metabolites, and have pivotal roles in plants, including photosynthesis and phytohormone synthesis, pigmentation, and membrane stabilization. Additionally, carotenoids are potent antioxidants, and their health benefits are becoming increasingly prominent. In recent years, carotenoids have been studied in many plants. Furthermore, gene expression, as well as carotenoid accumulation in different parts of the bitter melon, has been investigated; however, it has not been studied in bitter melon seedlings. In this study, carotenoid accumulation and transcript levels of McGGPPS1, McGGPPS2, McPSY, McPDS, McZDS, McLCYB, McLCYE1, McLCYE2, McCXHB, and McZEP, involved in carotenoid biosynthesis, were analyzed during seedling development using HPLC and qRT-PCR. The major carotenoids that accumulated in the bitter melon seedlings were lutein and E-β-carotene. The expression of most carotenoid biosynthetic genes increased during seedling development, consistent with the accumulation of violaxanthin, lutein, zeaxanthin, β-cryptoxanthin, 13Z-β-carotene, E-β-carotene, and 9Z-β-carotene in bitter melon seedlings. The results of this study provide a firm basis for comprehending the link between gene expression and carotenoid concentration in bitter melon seedlings.
The health benefits of carotenoids, which are important, potent antioxidants, have been reported by many studies [9] . Protective activities against age-related macular degeneration and prostate cancer have been proposed for the carotenoids lutein/zeaxanthin and lycopene, respectively [10, 11] . Additionally, canthaxanthin, astaxanthin, and β-carotene are high-value carotenoids used as food supplements and colorants in the food industry [12] . Carotenoids are the most prevalent pigments observed in nature, present in the plastids of leaves, flowers, and fruits, and play important roles in many plant physiological processes; furthermore, carotenoid color helps attract both pollinators and seed-dispersal agents to flowers and fruits, and carotenoids act as precursors in the synthesis of abscisic acid, which is mainly involved in plant stress regulation. In plants, carotenoid biosynthesis begins with the condensation of isopentenyl pyrophosphate and dimethylallyl pyrophosphate to form geranylgeranyl pyrophosphate catalyzed by geranylgeranyl pyrophosphate synthase (GGPPS; Figure 1 ). Subsequently, the biosyntheses of phytoene, ξ-carotene, lycopene, α-carotene, β-carotene, β-cryptoxanthin, zeaxanthin, and violaxanthin are catalyzed by phytoene synthase (PSY), phytoene desaturase (PDS), zeta-carotene desaturase (ZDS), lycopene beta-cyclase (LCYB), lycopene epsilon-cyclase (LCYE), beta-carotene hydroxylase (CHXB), and zeaxanthin epoxidase (ZEP), respectively. In recent years, the genes encoding the enzymes involved in carotenoid biosynthesis have been characterized in many plants, including Arabidopsis [13] , Lycopersicon esculentum [14] , Brassica rapa [15] , Daucus carota ssp. sativus [16] , Oryza sativa [17] , maize [18] , Momordica cochinchinensis [19] , and Scutellaria baicalensis Georgi [20] .
In the bitter melon, most carotenoid genes have been identified. For example, Cuong et al. [3] [4, 5] . The expression levels of these genes as well as carotenoid accumulation in different parts of the bitter melon have been investigated as well [3, 4, 5] comprehending the link between gene expression and carotenoid levels in bitter melon seedlings. Most of the genes involved in carotenoid biosynthesis in the bitter melon were identified in previous studies [3] [4] [5] . In this study, the expression levels of carotenoid biosynthetic genes in bitter melon seedlings at 0, 5, 10, and 15 days after sowing (DAS) were analyzed by real-time PCR ( Carotenoid concentrations in different organs of the bitter melon have been reported in certain previous studies [3, 4, 21] . To evaluate carotenoid accumulation during the development of bitter melon seedlings, we performed HPLC analysis. In this analysis, 7 carotenoids (violaxanthin, lutein, zeaxanthin, β-cryptoxanthin, 13Z-β-carotene, E-β-carotene, and 9Z-β-carotene) were detected in bitter melon seedlings at 0, 5, 10, and 15 days after sowing (Table 1 and Figure 3 ). This analysis showed that total carotenoid accumulation was the highest at 15 DAS, followed by 10 and 5 DAS, and lowest at 0 DAS. Total carotenoid concentration in the seedlings at 15 DAS was 310.077 µg/g dry weight, which was 4134-fold, 334-fold, and 2.65-fold higher than that at 0 DAS, 5 DAS, and 10 DAS, respectively. Only E-β-carotene was detected at 0 DAS; lutein, E-β-carotene, and 9Z-β-carotene were detected at 5 DAS, while the other carotenoids are detected at 10 and 15 DAS. Lutein is an important carotenoid, proven to protect cells from damage caused by carcinogens, and plays important roles in maintaining eye health [22] . Lutein concentration (198.523, 72.045, and 0.466 µg/g dry weight at 15, 10, and 5 DAS, respectively) was much higher than that of any of the other carotenoids in bitter melon seedlings, similar to previous studies on kale [23] , Nicotiana plumbaginifolia [24] seedlings, which showed that lutein is the main carotenoid to accumulate within them. Additionally, lutein is the most frequently occurring carotenoid (98%), present at the highest concentrations in the analyzed species of family Fabaceae [25] . Beatriz et al. reported that during the germination of Fabaceae sp., the total photosynthetic pigment concentration s increased in parallel to changes in relative carotenoid abundance [25] . In this study, the accumulation of all carotenoids increased significantly from 0 to 15 DAS. biosynthesis, were analyzed during seedling development. The major carotenoids that accumulated in the bitter melon seedlings were lutein and E-β-carotene. The expression of most carotenoid biosynthetic genes increased, consistent with the increase in carotenoid accumulation during seedling development. The results of this study provide a firm basis for comprehending the link between gene expression and carotenoid concentration in bitter melon seedlings.
Experimental
Plant material: Bitter melon (Momordica charantia L.) seeds were purchased from Beijing Namo Tech.-Trade Co. Ltd (Beijing, China). After removing the seed coat, hulled seeds were sterilized using 70% (v/v) ethanol for 30 s and 1% (v/v) sodium hypochlorite solution for 10 min, and then, allowed to germinate on half-strength Murashige and Skoog (MS) medium [26] with 2.5 mM MES and 0.8% agar at pH 5.7 before incubation at 25°C under light/dark (16/8 h) conditions. Whole seedlings were harvested after 0, 5, 10, or 15 days, and immediately frozen in liquid nitrogen for RNA isolation, or freeze-dried for extraction and analysis by high performance liquid chromatography (HPLC).
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Natural Product Communications Vol. 13 (3) 2018 313 ND, not detected. Values are expressed as the means ± SD of three independent measurements. Letters a-c indicate significant differences among organs (P < 0.05). RNA isolation and cDNA synthesis: Total RNA was isolated from different bitter melon seedlings using an RNeasy Plant mini kit (QIAGEN, Valencia, CA, USA) after grinding them with liquid nitrogen. One microgram of each high-quality total RNA sample was used for cDNA synthesis using the ReverTra Ace-α-kit (Toyobo Co. Ltd., Osaka, Japan). For quantitative real-time PCR (qRT-PCR), template cDNA was used by diluting the resulting cDNA 20-fold.
Quantitative real-time polymerase chain reaction (qRT-PCR) analysis:
The CFX96 Touch real-time system (Bio-Rad Laboratories, Hercules, CA, USA) and a QuantiTect SYBR Green RT-PCR kit (QIAGEN, Hilden, Germany) were used for real-time PCR in this study. Real-time PCR primers were designed using the online Primer3 tool (http://bioinfo.ut.ee/primer3-0.4.0/primer3/) [27] based on the sequence of genes in carotenoid pathway, which was identified by Cuong et al. [3] ( Table 2 ). The gene expression levels were evaluated via relative quantification using the housekeeping cyclophilin gene (McCYP) (GenBank Accession Number, HQ171897) as the reference. Standard amplification included initial denaturation at 95°C for 5 min, followed by 40 cycles of denaturation at 95°C for 15 s, template annealing at 55°C for 15 s, elongation for 30 s at 72°C, and final extension at 72°C for 5 min. The amplified products were evaluated using Bio-Rad CFX Manager 2.0 (Bio-Rad Laboratories). Triplicate experiments were conducted for real-time RT-PCR analysis, and significant differences among samples were evaluated using standard deviation. Cuong et al.
(80% w/v) was added; the mixture was vortexed for 20 s, and then, incubated in a water bath at 85°C for 10 min. Subsequently, the samples were placed on ice, and 1.5 mL of cold deionized water was added together with 0.05 mL of β-Apo-8-carotenal as the internal standard (12.5 µg/mL). Next, the carotenoids were extracted twice with 1.5 mL of hexane, by centrifugation at 1200 g each time. Then, the hexane extracts were freeze-dried with a stream of nitrogen gas, and resuspended in a 50:50 mixture of dichloromethane:methanol (v/v). After extraction, the samples were passed through a C 30 [28, 29] . Values were determined as the means ± SD of three replicates with 30 seedlings and analyzed using SAS 9.2 (SAS Institute Inc., Cary, NC, USA, 2009).
